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Abstract 
Patients suffering from Duchenne Mus.cular Dystrophy are in need of a 
device to help them rise from a seated to a standing position uneventfully 
because the muscular atrophy resulting from the disease make this rise 
lengthy, a\vkward, and sometimes painful. Once standing, however, the 
patient can walk almost norn1ally and function productively at l-1ome or at 
\vork. The device discussed in this paper incorporates a standard office-type 
seat, mounted on an aluminu1n structural roller-track mecha11ism, and 
actuated by a tandem drive linear actuator. The chair may be raised or 
lowered by the patient using a switch mounted on the chair~ · The device is 
rigid, lightweigl1t, compact, and semi-portable. 
Clinjcal testing of tl1e lifting chair proved it to be both effective and 
well-received, but not without some constraints. l\!Iass-producibility is limited 
because the frame and actuator must be constructed to a size corresponding to 
the intended patient's· size. Also, a locking swivel m.ecl1a11isrn for tl1e chair 
would be desirable for home or office use. Finally, the services of a 
Manufacturing Engineer as well as those of an Industrial Designer ,vould be 
useful to make the device more re·adily pro.ducible and attractive, respectively. 
vVith these points considered, and a formal structural fatigue analysis 
performed, this device could. be confidently marketed. 
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Introduction 
Duchenne Muscular Dystrophy (DMD) is a genetically inherited disease 
affecting mainly shoulder, hip, and back muscles. Dystrophic muscles 
progressively become impaired, and even destroyed. Consequently, certain 
physical movements taken for granted by people with normal muscles become 
increasingly difficult or even iµ1possib1e for DMD patients. Rising from a 
seated position is one of these motions; although once standing, the DMD 
; 
patient can walk. Unaided, this standing motion is difficult and time 
consuming. The magnitude of this disadv-antage is further magnified· if \Ve 
consider ho\v often we sit and stand during t'he course of a nor.ma! day. It is 
therefore in1perative to mechanically facilitate this motion. 
According to tl1e tests of the Rehabilitation Engineering department of 
t.he Good SI1epherd .Hospital in Allento,vn, Pennsylvania, the ideal motion for 
a ~I uscular Dystrophy lift chair is a simple vertical motion. A search of the 
National Rehabilitation Institute database listed no similar device as currently 
available. One test patient, ho,vever, uses a mecl1anical chair that 
simultaneously lifts and tilts for this purpose, but finqs it unsatisfactory 
because of its motion and lack of portability. 
To design the lifting chair, a testing apparatus was designed and 
constructed not only to determine optimal seating heights, dimensions, and 
travels, but also to evaluate the forces and torques to be expected. This data 
could then be used to optimize the geometry and structural integrity of the 
chair. Furthermore, the device was designed to be transportable by someone 
2 
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other than the patient, battery operable, and visually attractive. Aesthetics 
are particularly important; the patient feels more comfortable using a lifting 
chair which does not look like a medical device, per se. . 
Our final objective was to evaluate a completed prototype and to 
determine what needs to be changed or tested in the future to yield a 
marketable device. 
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Specifications and Constraints 
(i) The device must travel vertically from a height at which the patient can 
sit comfortably to a height at which the patient can lock. his knees (while 
leaning on the seat) and walk away from the chair. These heights depend on 
the patient's size. 
(ii) The device must be operable by the patient via an electrical S\Vitch 
mounted on one of the armrests. 
(iii) The device must be rigid enough to withstand the impact exerted on it 
by a patient weighing more than 200 Lbs. and powerful enough to lift this 
patient. During its operatio11, the frame must not flex or bend excessively. 
(iv) The device must be stable enough so it does not tip when seated upon 
in its raised position, even under the most adverse gee.metrical conditions. 
(v) The device must have armrests capable of withstanding a force of the 
patient's weight. 
(vi) The device must operate smoothly and quietly and rriust have sufficient 
capacity· to operate as a stand-alone unit for a minimum of one full da~y. In , 
addition, the battery must be chargable from a fully drained condition 
overnight. 
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(vii) The device must have an office or home type seat covered with a 
material that is suitable for the sliding motion ( along the seat) necessary for 
'!' 
the patient's standing procedure. 
(viii) The device must be lightweight and portable enough so it can be easily 
transported by someone other than the patient. 
(ix) The device must be suitably attractive for home or office use. 
(x) The device must fulfill requirements (i) thru (ix) at a minimum fin.al 
cost. 
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Description Qf Design 
General ( Figure ii) 
The lifting chair is -a lightweight, semi-portable device made of an inner 
frame which moves inside of an outer frame, to which the legs are attached. 
Ai. series of sleeved roller bearings are used to constrain side-to-side and front~ 
• 
to-back motion, as well as provide smooth operation. Four outer bearings are 
rigidly mounted to the top of the outer frame, and four to the bottom of the 
inner frame. vVhen the seat is at its lo,vest position, the inner and outer 
bearings are as far apart as possible, providing maximum stability. As the 
seat moves up, the inner bearings move vertically up\vard toward the outer 
bearings, which do not move vertically. This design al\vays maximizes the 
distance between the inner, and outer bearings, providing the most stable 
possible configuration at any seat height. This is also true for the side 
bearings, which can be adjusted, using hex head screws, to center the .inner 
frame in relaticbn to the outer frame. Two side rollers are mou·nted on the 
ouside of the outer frame, and two on the inside .of the inner frame. 
The seat and arm·rests are attached to a platform whicl1 is bolted to the 
inner frame. Vertical motion is accomplishe.d using ~- tandem drive power 
screvv actuator, driven by a Direct Current (D.C.) motor. This means of 
actuation ,vas c:l1osen because it is direct, smooth, reliable, lightweight, and 
readily available. A hydraulic actuator was considered, but complexity and 
the possibility of leaking fluid eliminated this option. A pulley/ cable system 
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was also considered, but was eventually eliminated for its lack of compactness. 
Finally, a tandem drive, single motor actuator was chosen over one linear 
actuator because the tandem drive unit provides more stability. Also, a single 
motor unit, as compared to separate linear actuators, does not require a 
feedback loop to synchronize the motors to prevent jamming. The tandem 
unit is also less costly than two single units. A mild steel shaft. and shock 
absorbing couplings transmit po\ver from the motor to both power screw 
-gearboxes. Power is supplied from .a rechargable lead acid battery, which may 
be recharged using a detachable automatic charger. 
( 
Components 
/Outer Frame (Figure iii.) 
The purpose of the outer frame is to provide a rigid stand and guide for 
the inner frame, and to act as a structural mounting surface for the outer 
rollers, adjustable side rollers, power screw mounting blocks, battery tray, 
legs, and support gussets. 
The outer frame is constructed of three sections of 6061-T6 aluminum 
welded together as shown in Figure (iii). Each section is .cut from a suitable 
length of Aluminum Association Standard Structural 3" x 1.5" channel ·(Alcoa 
section 292021). From -the test data summarized in Figure (xvi), and the 
calculations of Fi,gure ( xxi), the outer frame is clearly stiff and strong enough 
I 
to withstand the resultant forces of a heavy patient's use. Welded joints, as 
, .
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opposed to bolted joints, were chosen to fasten the three sections of the outer 
frame because of spacial constraints and for the "finished appearance" of a 
welded joint. These joints can easily withstand the impact of a heavy patient 
( Figure xxi.). 
Legs, Gussets, and Feet (Figure iv.) 
The purpose of the legs is to provide stability to the device. The legs 
prevent it from tipping when seated upon, either in a fully lowered or a fully 
raised position. Ad.ditionally, the legs provide a mounting surface for the 
b-attery tray, support gussets, and feet. 
Each leg is constructed of a l" outer diameter, 0.5" inner diameter 
6061~ T6 aluminum tube. From the test data summarized· in Figure (xv.i) and 
the calculations of Figure (xxii), the legs can withstan·d the resultant forces of 
a heavy patient's use. vVelded joints were chosen because .of their superior 
apperance, and because of the difficulty encountered in bolting complexely 
shaped joints sucl1 as these. However, since the joints bet,veen the outer 
frame and legs are subjected to elevated stress concentrations, gussets were 
welded here as a simple, lightweight, and inexpensive reinforcement (Figures 
iv._ and xxi. ). These gussets are especially necessary considering tl1e variability 
of weld quality. possibly encountered in a low-prqduction item such as this 
device. \. 
Small, "screw-in" type feet were threaded into- the legs at all four 
corners of t"he ch.air as a means of accounting for surfaces which might not be 
8 
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flat or even, such as an oak wood floor, or carpet. They also prevent the 
device from sliding backwards when a patient sits on the lift chair. 
Inner Frame (Figure v.) 
The purpose of the inner frame is to provide .a stable, vertically moving 
frame to which the seat, platform, armrests, inner rollers, inner side rollers, 
and power screw mounting blocks are attached. 
The inner frame is constructed of three sections of 6061-T6 aluminum 
!f4-. 
welded together as shown in Figure (v). \Velded joints, as opposed to bolted 
joints, were chosen for their superior finish and clearance advantages. Each 
section is cut from a suitable length of Aluminum Association Standard 
Structural 2" x 1" channel (Alcoa section 292001). From the test data 
summarized in Figure (xvi) and the calculations of Figure (xxii), the inner 
frame is strong and rigid enough to withstand the resultant forces of a heavy 
patient's use. Ho\vever, to prevent excessive twisting of the horizontal section 
of the inner frame and fatigue failure of the inner frame's welded joints, 
. structural reinforcement brackets were added (Figures x and xxiii. ). 
Outer and Inner Roller l\,lounts~ and Bearing/Sleeve/Shaft Assemblies 
( Figures vi. and vii.) 
The purpose of the inner and outer roller systems is to facilitate smooth 
vertical operation for many cycles with minimal wear, and to withstand the 
9 
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resultant forces of a patient loading and unloading the device. The inner and 
outer roller systems are each comprised of a cam-follower bearing, a 
Chlorinated Polyvinyl Chloride ( CPVC) bearing sleeve, a mild steel shaft, and 
a mounting block, which is either bolted or screwed to the inner or outer 
l 
frame. Cam-follower bearings were chosen for their compact size, high load 
capability, and long life ( Figure xxiv. }. These particular bearings are sealed 
and permanently lubricated. The purpose of the C PVC sleeves is to prevent 
the wear on the inner frames that bearing steel to aluminum contact would 
cause. The CPVC is easily machined, inexpensive, durable, and rolls well on 
the aluminum frames. It is also flexible .enough to lessen the amount of 
vibration that is transmitted to the user of the device. The sleeves can be 
replaced easily because they are simply press fit onto the bearings. 
The bearings are mounted using mild steel shafts ( Figure xxiv.); the 
steel is strong, inexpensive, and easily machined. An aluminum block holds 
the shaft of the outer roller bearings against the out.er frame so the bearing 
surface can contact the inner frame through an opening milled into the outer 
frame. A bolted joint between the block and the outer frame allows for easy 
disassembly without clearance problems. 
The inner roller bearings, shafts, and sleeves are similar to those of the 
outer roller assemblies, although they are mounted differently. To provid·e a 
slim design (needed to circumvent clearance p.roblems bet,veen the power 
scre,v gearboxes and tl1is mounting plate) whicl1 is adequately strong, a plate 
was machined to fit partially into the open end of tl1e inner frame. Two 
bearing/shaft/sleeve assemblies are "sandwiched" between each of these 
10 
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aluminum plates and the inner frame, and held steady by shallow holes milled 
in to the inner frame and plate. Each plate is held to the inner frame using 
four small pan-head screws, whose functions are solely to hold the plate 
I 
against the inner frame. These screws are not structural, the load is 
' 
' 
withstood by the mechanical joint between the plate and the inner frame. 
Side Rollers (Figures viii. and ix.) 
The pu.rpose of the side rollers is to provide an adjustable guide to 
center the inner frame in relation to the outer frame ,v bile the inner frame 
moves vertically upward. To eliminate the slack between ea.ch roller surface 
and the frame which it rolls on, adjustability is provided , although once these 
rollers are positioned, subsequent adjustments would be infrequent. Since very 
little of the load on the device is lateral, these rollers serve only as a guide. 
The bearings, shafts, and sleeves are similar to those of the outer and inner 
roller assemblies. Each side roller shaft is held to· its aluminum mounting 
block using a set screw. The mounting block fi'ts partially inside of the frame 
to which it is mounted, and attached using four hex-head screws. The scre,vs 
can be rotated until the bearing surface meets. the surface of the framJ which 
it rolls on. Springs are placed around each hex-head screw, between the 
frame and n1ounting block, to prevent any free motion or vibration of the 
block. 
11 
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Seat and Structural Reinforcement Brackets (Figures i., ii., and x.) 
The function of the seat is to provide an attractive, comfortable, and 
structurally stable resting platform for the patient. The chair back must be 
adjustable to accomodate for different patients. This is accomplished using an 
"L-shaped" bracket which is slotted at both ends. One of these end is held to 
the· seat bottom using a hand screw, while the other holds the seat back, also 
using a hand screw. The chair back can be moved both vertically and 
horizontally using this system. Additionally, the material which covers the 
seat must permit the patient to "slide" from the chair without binding. This 
particular seat is covered in black cloth. Armrests are provided, not only for 
comfort, but also to act as a platform for the patient to push from to facilitate 
leaving the chair. 'The armrests and their bolted joints must be strong enough 
to \\tithstand the applied force of a patient pushing himself up and out of the 
device. 
Both of the armrests and the seat itself are bolted to a thin steel plate 
which is bolted to the horizontal section of the inner frame. The plate is 
constrained using structural reinforcement brackets. This plate serves 
multiple purposes. First, it provides a strong mounting surface for the 
armrests and brackets. The plywood base of the seat is not strong enough for 
this purpose. The plate also provides a wider base than the seat, enabling the 
' 
armrests to be mounted further outward, where they are better positioned for 
their purpose. The plate also distributes the applied load of a patient to a 
greater area of the horizontal portion of the inner frame, lessening the twisting 
of the inner frame. 
1.') 
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To further lessen this twisting, aluminum structural reinforcement 
brackets are screwed to the steel plate and to the cylindrical portions of the 
power screw assembly (Figure xxiii. ). These brackets effectively prevent the 
front of the chair from "tipping" downward due to the bending of the steel 
plate and the inner frame. 
Power Drive Svstem (Figures i., ii., xi., xii., and xxiv.) 
The pur·pose of the power drive system is to rais.e the inner frame 
vertically with respect to the outer frame at an appropriate speed ,vith a 
smooth and controlled motion. The power drive system consists of a tandem 
drive linear actuator, a D.C. motor, a drive shaft, three couplings, eight 
mounting blocks, and four shafts. The tandem drive actuator consists of t,vo 
Acme power screw and gearbox assemblies driven by a common motor. Each 
Acme drive is 0. 75" in diameter, and rotates to lift a bronze bushing, to ,vhich 
a cylindrical lifting sleeve is attached. Each Acme screw is driven by its 
gearbox, which, in tu·rn, is driven by the motor. The tandem drive actuator, 
as supplied with an Alternating Current (A.C.) motor, has a lifting capacity of 
500 Lbs. and operates at a vertical lift rate of 0.20 in/ s at full load. 
The design constraints of t'his project demand a D.C. motor, but none 
could be provided by the tandem drive manufacturer. Consequently, the A.C. 
motor torque vs. RPl\'1 curves were obtained from the drive manufacturer, and 
a D.C. motor with similar characteristics was consructed. This motor was 
then bolted to one of the gearboxes and coupled using the shock coupling 
13 
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provided by the actuator manufacturer. The other side of the motor shaft 
was connected to an elastomeric jaw type coupling, the cou;tling to a mild 
steel drive shaft (Figure xi.), the shaft to another coupling, and this coupling 
to the other gearbox. The elastomeric jaw type couplings were chosen because 
they absorb shock at startup to prevent driveline damage as well as 
compensate for minor shaft misalignment. 
Each half of the tandem drive actuator is attached on one end to the 
outer frame and to the inner frame on the other end. Both attachments are 
accomplished using two aluminum mounting blocks and a mild steel shaft 
(Figures xii. and xxiv.). The block are scre\ved to their respective frames; the 
screws simply hold the mounting blocks in place and are under a very minor 
load. 
Power Supplv (Figures xiii., xiv., xix., and xxv.) 
The purpose of the power su.pply is to provide safe, controllable, 
renewable, portable power to the drive system as compactly as possible. The 
power supply must have enough reserve capacity to enable the device to 
operate as a "stand-alone" unit for a full day's u.se between recharging. Also, 
the system must be able to be recharged to full capacity overnight, 
unattended. The power supply system consi$tS of a battery, a charger, a 
power s,vitch, and associated wiring. 
The battery used is of the sealed lead acid type, and has a capacity 
, 
sufficient to drive tl1e system for more than one day's use (Figures xix. and 
14 
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xxv. ). The· possibility of acid leakage is extremely remote because the battery 
is electronically sealed. It is strapped to the battery tray (Figure xiii.) using 
plastic cable ties. vVhile in place on the chair, the battery may be recharged 
using the portable automatic charger. The charger plugs directly into any 
household A.C. outlet and automatically controls the charging rate of the 
battery, protecting against overcharging and reverse polarity. The battery· 
c~n be charged fully from a drained condition overnight~ The battery \vill be 
discharged to approximately half its full capacity at the end of one day's use. 
Based on this, its useful life would be more than one year (Figures xix. and 
XXV. ). 
The wiring shown in Figure (xiv.) connects the po\ver supply to the 
po\ver drive system. This configuration allo\VS the motor to be operated in 
either direction. The S\vitch used is a "rocker" type double pole, double thro,v 
(DPDT) momentary contact S\vitch, rated at sufficient capacity to handle the 
current supplied by the battery. The s,vitch is mounted on one of the 
armrests for ease of operation, and the wiring for the device is neatly 
concealed using plastic conduit. 
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Prototype Evaluation and Refinement 
The first prototype lifting chair was completed during the first week of 
January, 1990. It was tested at the Good Shepherd Hospital in .i\.llento\vn, 
Pennsylvania, by a .patient of suitable size for this chair, as determined by our 
initial tests (Figure xvi.). This patient's height is 5'-8" and his weight is 
approximately 200 Lbs. The purpose of the prototype test was to determine 
whether or not the first prototype fulfilled its initial requirements, and to 
' 
receive patien:t input in order to make minor modifications to the device. 
The lifting chair proved to fill its purpose as described in the 
"Specifications and Constrain ts" section of this paper. The frame confirmed 
our calculations, proving to be rigid and stiff, as evidenced by the patient's 
feeling of stability while using tl1e device. It was, however, jointly determined 
by the head of Rahabilitation Engineering, Mr. Jorge Letechepia, and myself, 
that some improvements could be made. 
These improvements were carried out as follo\vs, and represent the final 
prototype as describ~d in this paper. First, the legs were shortened 
substantially on botl1 sides to facilitate entry into and ~xit from the chair, 
while not compromising its stability. The armrests were moved out and 
forward to provide n1ore space in the chair, and to enable the patient to push 
himself away from the chair more easily, respectively. lVIoving the armrests 
required them to be bolted to tl1e steel plate, rather to the seat itself. The 
armrests are more securely fastened this way; the threaded metal inserts in 
16. 
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the base of the seat provided questionable strength and stability. In addition, 
to provide a "longer", roomier seat, the "L-shaped" seat bracket was bent and 
moved as far back as possible. Finally, a heavier duty switch was provided 
and fastened to one of the armrests, rather than to the steel plate. The new 
switch position enables the patient to access the s,vitch \vithout lifting his arm 
from the armrest. Although individually minor, the aforementioned 
improvements cumulatively made a marked improvement in the product. 
It should be mentioned that, starting with the battery in a full:y charged 
position, the device can lift a patient and return to a lo\vered position 
approximately 144 times in succession (Figure xxv.). This number of cycles 
represents a worst case scenario; the number of operable cycles ,vould be 
much higher when spread over the course of a full day. 
The weight of the device is 55.2 Lbs., not including 17.6 Lbs. for the 
battery. A battery weighing 12.8 Lbs. or less could be used if the requir~d 
n um her of cycles were less than 144 per day. A standa.rd office chair \veighs 
approximately 42 Lbs. The lifting chair weight is minimal, considering the 
hardware contained within the device. This weight permits it to be 
transported by someone other than the patient. 
Finally, an estimated prototype cost of $1549.49 (Figure xxviii.) is 
reasonable for a medical device of this type. Actual production costs sl1ould 
be lower because of discount purchasing and also because of the n1ore efficient 
manufacturing tecniques associated \vith producing a salable iten1, ratl1er than 
a first prototype. 
17 
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Conclusions and Recommendations 
The lifting chair is a clear success as a prototype, and completes its 
requirements as such, set at the beginning of its desigp.. This is evident from 
the enthusiasm of the patients ,vho ,vere involved in the testing for and of the 
final prototype. However, the design needs to be developed further before it is 
a complete, salable item. 
11ost importantly, a forn1al fatigue test must be performed on the 
prototype to confirm the device's modes of failure, the se·verit)' and 
consequences of these failures, and their time. Also, a very useful 
improvement would be to design a base so the seat ma.i' mo\'e for\vard, back, 
and s,vivel to facilitate entrv into and exit from the device. Statistical studies 
., 
must be done to determine three or four chair sizes to accomodate all patients 
so each chair need not be constructed specifically for a gi~.ren patient. La.stl)r, 
the services of a l\Ianufacturing Engineer, and an Industrial Designer ,vould be 
beneficial to carry the design from a protot~.rpe to a manufacturable item, and 
to make the device more attractive for home or office use, respectively. v\rith 
these improvements effectively carried out, the device could be marketed 
confidently. 
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Testing Appartus and Instrumentation 
Objectives 
The purpose of the testing apparatus is to assess the forces and torques 
exerted by the patient o·n the device during a normal cycle of operation as a 
function of time. Additionally, optimal seated, raised, and. arm test heights, 
dimensions, and mechanical travels were to be quantified for patients of 
varying heights and weights. 
Constraints I 
The testing apparatus co11sists of three parts: the mechanical 
raising/lowering divice, the force/torsion specimen, and the instrumentation . 
. The purpose of the raising lowering device is to raise and lower a 
platform on which the patient sits using a motor controlled by a variable 
speed controller. The raising/lowering device must have a range of vertical 
motion such that it accomodates both the shortest and tallest patients. It 
also .must be po\verfuJ enough to raise and lower the heaviest patients, and it 
must be structurally able to withstand the maximum forseeable impact of a 
heavy patient landing on it in a seated position from a standing position while 
I 
t·he seat is at its lo,vest vertical position. The seat must not "slip" to a lo\ver 
position when a patient sits on it. Finally, tl1e drive systen1 raising the seat 
must have ample capacity to raise a heavy patient at a slo,v and unvarying 
36 
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velocity. 
The purpose of the force/torsion specimen is to transform all of the 
forces and torques applied to the seat of the test device to signals which can 
be processed into a form such that the magnitude and time of each force or 
torque may be quantified. The specimen must be able to withstand the 
maximum forseeable applied forces applies to it, and it must be constructedlin 
such a manner so that it can easily be attached to the raising/lowering 
mechanism. It also must be sensitive to small variations in load. 
The purpose of the instrumentation is to simultaneously condition, 
amplify, and record the signals from all three channels of the .force/torsion 
specimen. Each instrumentation deci~re must have a frequency response high 
enough to maintain the definition of all force and torsion peaks. Finally, the 
instrumentation system must be operable in a "noisy" environment, such as 
near a high current motor drive system. 
Design Detail/Procedure 
The raising/lo\vering apparatus v.ras supplied from previous work on this 
project by undergraduate students, although it was altered to better fulfill our 
requirements. As supplied, the unit was a steel-frame device with a plate 
mounted on two shaf~ raised and lo\vered by a cable/winch system and 
driven by a variable-speed A.C. motor. The changes made to it include 
s.tru·ctural reinforcement, fitting a more appropriate belt and pulley system on 
the motor to prevent slippage, and to use more pulleys in the path of the cable 
37 
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to enable the seat to rise more slowly at a given motor RPM, so as to shift the 
operating range of the motor into its maximum torque range. The motor 
mounts were also reinforced and mounting holes were drilled to allow the 
armrests to be moved to different positions. 
The steel torsion/bending specimen (Figure xvii.) is bolted to the steel 
plate section of the raising/lowering mechanism, which is attached to the end 
of the cable and moves vertically. The test seat is then bolted to the other 
end of the specimen (Figure xviii.). Six metal-foil resistive strain gages -were 
bonded to the test specimen. Their signal was fed through three half-
Wheatstone bridge circuits and corresponding amplifier circuits, and finally 
into three channels of an 18 channel high frequency oscillograph (Figure xx.). 
The final output was a strip ch.art, from which we could see all applied forces 
and torques as a funcion of time (Figure xv.). 
Four patients of varying weights and heights were tested using this 
apparatus. Chair heights, armrest positions, seat positions, and maximum 
torques and forces were measured (Figure xvi.). This information was then 
used to design the first prototype of the lifting chair. 
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Numerical Calculations 
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Fig11re xxi. - Gusset/Outer Frame/Leg Weld Calculations 
------ ~ ' 
The follo,ving assumptions will be made in these calculations: 
- The maximum force encountered was 367.5 Lbs., so we will use 400 
Lbs. for our analysis, and d.ivide it evenly amongst both halves of the device; 
200 Lbs. per side. 
- The force ·\vill be assumed to be vertical and at the very e.nd of the 
seat w:hile the sea.t is fully raised, this is a worst case scenario. 
- All deflections are sn1all, and the stresses do not exceed the 
proportional limits of the materials. 
First, treat the en ti re device as a free body: 
I 
' 
I 
Q. 
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E Fy=O: Ay +By= 0 
/j 
E M0~o: 10Ay- 15By = o 
I 
. I 
I 
I 
Ay = 200 Lbs. 
By = 0 Lbs . 
We will consider all three ho·rizontal welds as one section and determine, 
. . . . . 
the maxi1num stress. 
. . 
,; I 
lz •') 9 = (I1 + Ad--) + (I2 + Ad .... ) + 13 
•) 
19 99· . ...., = ...... 111 
I ·-Id= ( .707)h 12 zwe 
= 1.704 in4 
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,, 
= 200/(.53+.53+.265) + 2000(4.5)/1.704 
= 5432.6 psi (compression) 
For 6061-T6 Al, <1y= 37000 psi, so the factor of safety for a static 
failure is 6.81. 
The Gerber Parabolic relation will be used to analyze the weld in1 
fatigue; it is more accurate than the Goodman or Soderberg relationships. 
n = Factor of Safety 
Sm - umn 
O' • - 0 
min 
O'm = O'a = O'max/2 ~ 2.72 ksi 
sut = 42 ksi 
Se' = .5Sut = 21 ksi 
Se = kakfSe' 
ka (surface fini
1
~h) = .9 
kf (weld reduction factor) = 1/2.7 = .370 
= .9( .370)21 ksi = 6.99 ksi 
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Solving: 
. ? 
2.72n = 6.99(1-{2.72n/42)-) 
for n, the factor of safety for _fatigue loading is 2.498_ . 
. i 
i 
Because of the geometry of these welds; consider welds (1) and- (2) to be 
a system similar to \velds (3) and ( 4). So, for each system, the shear force is 
100 Lbs. and the torsion is 1000 in-Lbs. as follows: 
l 4Y 
I 
i 
., 
i 100#- I ' I 
' I 
- ---._..... ><. I 
1000 in-#-
______ t. ~ID 2,; I)~ 
- . \2.~ ,, 
----~~.12~''--------
, i------------· ~,, ---
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For welds in torsion: A == 1.414hd = .55 in2 
Jz = 3.125(33 + 3.1252)/6 = 19.15 in4 
Jzweld = .707hJz = .707(.125)19.15 = 1.69 in4 
T • . . = lQQ/ .53 - 188.6 psi primary 
- Mry/Jzweld = 1000(1.5)/1.69 - 887.57 psi 
= Mrx/Jzweld - 1000(1.5625)/1.69 = 924.56 psi 
T 
2 . 2 1/2 . · 2 ·. . · · 2 1/2 . · . . 
= ( Tx + Ty ) = (887.57 + (924.56 + 188.6) ) = 1423.69 psi 
For 6061-T6 Al, the yield strength in shear is Ty = 20 ksi, so, for a 
static failure, the factor of safety is 14.05. 
To analyze a fatigue failure, ,ve will again use the Gerber parabolic 
relation. 
Sa - o-an - 1.42n ksi 
Sm = O"mn = 1.42n ksi 
Se' = .5Sut However, since the ultimate strength of the material in shear 
is not available, the· shear yield strength will be used. 
Se' = .5(20) = 10 ksi 
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= kakrSe' = .9(.370)10ksi = 3.33 ksi 
Solving: 
1.42n = 3.33(1-(1.42n/20)2) 
b 
for n, the Factor of Safety in fatigue for these welds is 2.29. , 
\. 
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Figure xxii. :: Leg Calculations 
The assu1nptions made for the Leg Thickness Calculations are the same 
as for the Gusset/Outer Frame/Leg Weld Calculations (Figure xxi.). 
"Cut" the leg at the poi11t of maximum stress as follows: 
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I = 7f'(r0 4 - r/)! 4 = 11'( .54 - .254)/4 = .046 in 4 
O'max = Mc/I =;: 1100( .5)/ .046 = 11956 psi 
·rmax = VQ/It Q =AY 
Y = E(yA)/EA = .2476 
Q == .2945( .24 76) == .!0729 
V = 200 Lbs . 
t = .25 in. 
Tmax ~ 200(.0729)/(.046(.25)) = 1268 psi 
For static. failure, the Factor of Safety in bending is n = 37000/11956 - 3.09. 
In shear, n = 20000/1268 = 15.77. 
For this member, fatigue failure in bending must be considered. The Gerber 
parabolic relation will be used as follo,vs: 
Sa 
n = Factor of Safety 
Sa - Uail -
Sm - Umil -
Um = O"a · .. umax/2 - 11956/2 = 5978 psi 
S = 42 ksi for 606. 1-T6 Al 
· ut 
Se' = .5Sut = 21 ksi 
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= kakbSe' 
ka (surface finish) = .95 
kb ( size factor) = .869d-o.o97 = .869 
Se== .95(.869)21 ksi --- 17.34 ksi 
Solving: 
5.978n == 17.340(1-(5.978n/42000)2) 
for n, the Factor of Safety in fatigue is 2.53. 
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Figure xxiii. :. Inner Frame Weld/Structural Reinforcement Bracket 
Calculations 
The assun1ptions made for the Inner Frame Weld/Structural 
Reinforcement Bracket are the same as for the Gusset/Outer Frame/Leg 
l 
. ;.. 
Weld Calculations (Figure xxi.). 
In the follo\ving illustration, note that because the brac.ket is 
structurally redundant, and because its deflection is very small, the moment 
about the centroid of the weld is almost negligible. 
\ 0 II 2c~ ~ 
p 
~"' 
...::a ~.2~" I G.., 
• r 
' '1' 
+: 'I 
C:,.( 
E Fy = 0: Gy = Fy + 200 
E Mf = 0: 10(200) - 6.25Gy = 0 
Since the bracket is a two force member, Gy = Gx 
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Fx = Gx = 320 Lbs . 
F y = 1·20 Lbs. 
Gy = 320 Lbs . 
First, the inner frame weld will be analyzed. It should be noted that the 
bolts attaching the seat to the inner frame are overdesigned, so they will be 
considered to be a .rigid joint. The forces and couple on the centriod of the 
weld are a.s follo\vs: 
For this weld: 
. . 9 
A = .707hd = .707(.125)2 .- .177 in..., 
u = 120 Lbs./.177 in2 - 677.9 psi 
r =- 320 Lb.s./· .177 i-n2 = 1808 psi 
Both u and T are well belo\v the lin1its of the weld for static and fatigue 
failure (Figure xxi.). 
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The forces on the screws holding th·e structural reinforcement bracket to 
the raising tubes a.re as follows: 
____ __. 
ln a \vorst cctse scenario, the screws would not hold the joint in 
sufficient tension for a friction joint between the bracket and the tube, and 
one of the scre,vs would hold all of the load; the other screw would be 
redundant. 
Each screvv is a UNF Series 10 with the following properties: 
T = 320/ .02 = 16000 psi 
At = .02 in2 
Sy = 120 ksi 
st - 92 ksi 
p 
The Factor of Safety for a static failure is n = 120 / 16 = 7 .5. 
The Factor of Safety for a fatigue failure is not calculated because the 
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difference between umax and umin is very small for a properly pretentioned 
., 
joint. Also, the system is redundant. 
{, 
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Figure xxiv. : Bearing, Shaft, and Mounting Bolt Calculations 
The assumptions made for· the Bearing, Shaft, and Mounting Bolt 
Calculations are the same as for t.he Gusset/Outer Frame/Weld Calculations 
(Figure xxi.). f\lso, since none of the failures in this section compromise the 
safe operation of the device, fatigue failure \vill not be discussed·. 
For each side of the chair, the load is taken by two transversely located 
bearings at one time as follows: 
lo~ 
__,,.____ \ oll -,-----= _ _.. 
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y 
E Fx = 0: Ax = Bx 
E Fy = 0: cshaft = 200 Lbs. 
E Mc= 0: 10(200) + 13.5Ax = 15Bx Ax = Bx = 1333 Lbs. 
I• 
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Bearing Shafts 
d == .3125 in 
( )2/ - · 2 A == 1r .3125 4 == .0767 Ill 
Since each shaft is in double shear, 
T == 1333/2( .0767} = 8689 psi 
For mild steel, T II h = 21 ksi a ow. s ear 
Thus, th.e Factor of Safety for a static failure = 21/8689 = 2.42 
Power Screw Mounting Shafts 
Cshaft == 200 Lbs. 
T = 20Q/(1r(.5)2/4) = 1019 psi 
Factor of Safety {Static) = 21000/1019 = 20.61 
Bearings 
Each bearing has a rolling travel of 13.5" in each direction. 
C == 1rd = 1r(l.125 + .125) = 3.93 in 
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For each C)'cle (up and down), each bearing rolls q.88 revolutions. Each 
cycle takes approximately 1/2 minute. At a maximum of 144 cycles per day 
(1.2 hours of use), the bearing rolls 990 times . 
RPM= 6.88 revs/.5 min= 13.76 
From the manufacturer's bearing charts: F 8 = .6 
Basic Dynamic Load = PF L F s 
At the bearing's rated dynamic load (2225 Lbs.) and our maximum load 
of 1333 Lbs.: 
2225 ~ 1333( .6') FL FL= 2 .. 78 
This value of FL corresponds to 15000 hrs of use. 
15000 hrs/(1.2 hrs/day x 365 day/yr) - 34.25 years, mini1num bearing life. 
Bearing Block _Mounting ~alts 
-·-,.._ 
-~,----
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The bolts are as follows: 
'i"·'·· .. ','. ! . . ) •.-- "t" ,,,.,. ";"-:'l'ti'~· Ir 
Grade 5 
d = .25 in 
<J'y = 92 ksi 
At a specified torque of 25 ft-Lbs. : 
T == 25 ft-Lbs. == 300 in-Lbs. 
T =i\.2 F.d l. l 
Fi = 3 0 0 / (. 2 (. 25)) · . 6 0 00 Lbs. 
kb - AE/1 - (;r(.25)2(30 x 106))/1.12 = 1315 kip/in 
Km == 1r Ed/ (2In ( 5 ( 1 +. 5d) / ( 1 + 2. 5 d))) 
= 1r(lO x 106)(.25)/(2In(5(1.245/1.295))) == 3088 kip/in 
The load on the bolt is: 
Fb ==· kbP/(km +kb)+ Fi 
== 1.315(666.5)/(1.315 + 3.088) + 6000 = 6199 Lbs. 
The load on the member is: 
Fm = kmP/(km + kp)- Fi 
== 3.088(666.5)/(1.315 + 3.088) - 6000 = 5533 Lbs. ( compression) 
The relatively high preload lessens the effect of fatigue because Fm and 
Fb vary very little with P varying from O to 666.5 Lbs. The ratio of um/ ua is 
small, and fatigue failure can be considered to be improbable. 
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Figure xxv. :. Battery Calculations 
,:t Referring to Figure (xix.), the battery uses approximately 7 A for a 200 
Lb. patient. 
7 A/20A .35 capacity 
From the Voltage vs. Tin1e Discharge curve, at .35C, the curve drops 
below 12v at 1.2 hours of continuous use. The average time of a full cycle is 
approximately 1/2 minute or .00833 hours. 
1.2 hours/(.00833 hours/cycle)-· 144 cycles 
From the manufacturer's Discharge Time vs. Current C.urv·e, at .35C, 
the ·battery is rated at 1 7 .5 AH. 
Use: 1.2 hr(7 .. t\) == 8.4 AH 
8.4 AH/17.5 AH == .48 == depth of discharge 
From the Charge/Discharge Cycle Life Curve, at approximately 50% 
depth of discharge, the battery can be recharged more than 200 times before it 
needs to be replaced. 
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Figure xxvi. :. Bending/Torsion Specimen Calculations 
. \ 
The purpose of these calculations is to determine the dimensions of the 
test specimen. The specimen needs to be thin enough so it is sensitive in 
torsion; this will be the initial constraint. The results will be checked in 
bending. 
For the torsion gages: 
fJ"E/V = 6Rg/2Rg 
= Tc/J = 2T /,rr3 = cE 
8Rg/Rg = sgf - 2sgT/(iTr3E) 
Typically, 8E/V = .001 to .003, we ,vill use .001 
- ') 
- .-J 
E = 29 X 106 psi 
c = 2T /( iTr3E) 
8E/V = sgT/(iTr3E) 
Tl1e estimated maximum loading conditions are as follo,vs: 
P = 750 Lbs. 
T = 750(9) = 6750 in-Lbs. 
~I = 750(24) = 18000 in-Lbs. 
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For a hollow specimen in bending: 
fJE/V == .0007903r0 /(r0 4-(r0 - t)4 ) 
For the sam·e specimen in torsion: 
.. . . .· . . ·. 4 4 fJE/V == .0001482r0 / ( r0 -( r0 - t) ) 
For our speci·1nen: t == .2" 
- 6" ro - . 
. 
' 
Thus, for bending, 6E/V == .004559, and for torsion, fJE/V == .000855. 
' ' 
, I ', 
These din1ensions will yield good results under the conditions stated above. 
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Cost Information 
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Figure xxviii. :. Cost Estimate 
The following is a list of the prices paid for materials and labor to 
construct the prototype. Design costs, nor test or liability costs are included. 
Raw Materials : 
Motor : 
Fasteners : 
Actuator : 
,· 
Bearings : 
Seat : 
Total : '. 
·-
~1achining Time : 
Grand Total (prototype) .:. 
(, . 
$150.00 
$152.74 
$12.04 
$225.00 
$89.67 
$170.00 
$799.49 
For prototype:- 50 hrs x 15 $ /hr 
= $750 
(For test apparatus- 33 hrs x 15 $ /hr 
= $495) 
$1549.49 
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